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Abstract. This paper contains a summary about chemical composition of fresh royal jelly, 
determining moisture, ash, free acidity, pH, total protein and sugars content. Seven samples of Royal 
jelly (RJ) were analyzed and compared with literature data regarding the physical-chemical 
parameters. Total protein content of analyzed samples lies between 13.71 and 16.49% and glucose and 
fructose contents were in the range of 3.91-9.06% and 2.90-7.95% respectively. These parameters 
show that the tested samples were authentic and properly collected and stored. This preliminary study 
presents a basic battery of tests for quality and authenticity testing of RJ, which may be used as food 
supplement or in other domains.  
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INTRODUCTION 
 
Royal jelly (RJ) is one of the most attractive functional foods that have for sometime 
been a commercial product, especially in dietetics and cosmetics, in many countries. RJ is a 
thick and milky secretion from the hypopharyngeal and mandibular glands of young worker 
bees (Apis mellifera L.) and is used to feed the larvae (Isidorov et al., 2009). Organoleptic 
characteristics of RJ are white-yellowish substance, opalescent and gelatinous, often non-
homogeneous, because of the presence of different insoluble granules of different origin 
(Boselli, 2003). The content of water in RJ is shown to be relatively uniform (over 60%) and 
a free activity over 0.92 (Boselli, 2003). Due to high protein content and free amino acid 
fractions, RJ is a highly perishable product. In contact with air at room temperature RJ turns 
yellow, because of the degradation of proteins (Chen and Chen, 1996). The chemical 
composition of RJ has been studied by several authors (Boselli et al., 2003; Ferioli et al., 
2007; Garcia-Amoedo and De Almeida-Muradian, 2007; Howe et al., 1985; Low and Sporns, 
1988; Palma, 1992; Takenaka and Echigo, 1980; Zhou, et al., 2007), but data available in the 
literature are highly variable due to the intrinsic variability of the product and the use of 
different analytical methods (spectrometry, chromatography, electrophoresis), since no 
reference methods have been established for RJ analysis 
RJ is a complex matrix that contains water (60–70%), crude protein (12–15%), lipids 
(3–7%), traces of mineral salts and vitamins (Lercker et al., 1981), carbohydrates 
(1016%)(Crane, 1990; Chen and Chen, 1995). RJ may spoil or deteriorate and lose its 
commercial value eventually when it is stored improperly; hence, it should be stored at 4–8ºC 
or less to guarantee its good quality (Chen and Chen, 1995). 
Sugar composition, moisture, protein are the most common criteria used to 
characterize RJ quality. Protein and water contents are too common components to be good 
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indicators of the origin of RJ. Sugar studies usually relate contents of the major ones namely 
fructose, glucose, and sucrose (Bogdanov et al., 2004; Sesta, 2006; Sesta et al., 2006). 
Fresh RJ is currently consumed both in pure state and in different dietary 
supplements for its stimulatory effect, predominantly for elderly and convalescent people. It 
has today numerous applications in cosmetics, pharmaceutical and food industries (Gaëlle and 
Casabianca, 2012). 
The main objective of this paper is to summarize the chemical composition of fresh 
Royal Jelly from Transylvania, for authenticity testing. 
 
MATERIALS AND METHODS 
 
Samples of fresh RJ obtained directly from beekeepers (n=7) in sufficient quantity 
required for all experiments were subjected to this study.  
Royal Jelly samples were harvested from Transylvania beehives in conditions of 
hygiene and transported as soon as possible (max.3 h), in cooled dark containers, protected 
from light until the final storage place at  -18°C.  
Water content: In a glass capsule with flat bottom of 5-6 cm diameter, 1g of each 
Royal Jelly sample were placed and dried in an oven at 60°C temperature for 3h until constant 
mass (Bogdanov et al., 2004; Popescu et al., 2009). 
Ash content: A known quantity of sample placed in a clean crucible and placed in 
the incineration oven at 550°C for 6h. The crucible was weighted at the beginning and at the 
end and the difference was expressed as percentage of ash content.   
Acidity and pH determination: Acidity was determined from an aqueous solution by 
automatic titration with 0.1N NaOH and the pH registered with an automatic pH-meter. 
Total protein content: The total nitrogen content was obtained using the Kjeldahl 
KjelFlex K-360 method using the factor of 6.25 for conversion to protein content. 
All samples were kept frozen (-18ºC) and protected from light the receiving time 
until the analysis procedure: 
Sugars content: sugars content determination was performed by high performance 
liquid chromatography coupled with refractive index detector (HPLC-IR) using the method 
described by Sesta, (2006). 
HPLC-IR analysis of sugars from Royal Jelly was realized using a stainless steel 
column Alltima Amino 100Ã (4.6 mm diameter, 250 mm length, 5 µm particle size). 
Temperature inside the column was kept at 30°C. Injection volume was 10 µl. Mobile phase 
was a mixture of acetonitrile: water (80:20. v/v) with 1 ml/min flow. 1g of Royal Jelly was 
mixed with 3 ml water: methanol (3:1. v/v) in a volumetric flask of 5 ml. After 
homogenization, 1 ml Carrez I reagent (distilled water solution of potassium hexacyanoferrate 
(II), K4Fe(CN)6·3H2O, 15 g/100 mL) was added, the mixture was shaken vigorously,  and 1 
ml Carrez II (distilled water solution of zinc acetate, Zn(CH3COO)2·2H2O, 30 g/100 mL) was 
added also and the volume was adjusted up to 5 ml. The solution is centrifuged for 30 minutes 
at 4000 rpm and the supernatant is collected and pre-washed with dichloromethane for 2-3 
minutes. The upper layer is collected and the procedure is repeated 3 times. The reunited 
supernatants are then filtered (0.45 µm) and injected into the HPLC-IR system. For calibration 
curve construction, sugar standards (glucose, fructose, sucrose, erlose, maltose; Sigma-
Aldrich St. Louis, USA) were dissolved in ultra pure water, in the range of 0.1 and 10%. Each 
standard was initially injected separately, to register the retention time and than in mixture, to 
see if all standards were baseline separated. Quantification was obtained by peak integration 
in comparison with standards. Results were expressed as % for each sugar. 
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Statistical analysis: Analysis was performed in triplicate. Data were expressed as 
mean ± standard deviations, using Origin Software. 
 
RESULTS AND DISCUSSIONS 
 
The results for pure Royal Jelly samples are presented in Table 1 for the proximate 
analysis and in Table 2 are shown the results regarding sugars content. 
Tab. 1 
Physical-chemical analysis of seven samples of fresh Royal Jelly 
 
Samples Moisture (%) Ash (%) Acidity (ml 0.1N NaOH/g) pH 
Total Protein 
content (%) 
RJ 1 66.01 ± 0.61 1.14 ± 0.14 4.10 ± 0.00 4.03± 0.02 14.70±0.09 
RJ 2 58.65 ± 0.47 0.91 ± 0.01 3.11 ± 0.03 4.10± 0.03 13.71±0.30 
RJ 3 62.14 ± 0.24 0.93 ± 0.00 3.64 ± 0.04 4.12± 0.02 14.25±0.53 
RJ 4 60.92 ± 0.80 1.02 ± 0.04 5.29 ± 0.01 4.04± 0.01 14.52±0.18 
RJ 5 60.02 ± 0.62 1.12 ± 0.10 3.84 ± 0.08 4.05± 0.02 16.49±0.37 
RJ 6 64.07 ± 0.92 1.14 ± 0.16 3.76 ± 0.33 4.09± 0.04 14.01±0.46 
RJ 7 59.47 ± 0.08 1.06 ± 0.01 4.38 ± 0.25 4.18± 0.05 15.02±0.13 
Means  61.61 1.04 4.01 4.08 14.67 
SD (%) 0.53 0.06 0.10 0.02 0.29 
Values represent means of three independent determinations ± standard deviations. 
 
Water content for the studied samples ranged between 58.65% and 66.01%. Garcia-
Amoedo and Almeida-Muradian (2007) obtained an average for water content of 63.17% for 
samples of pure Royal Jelly.  
Ash content was higher than 1%, except 2 samples for which the values were a little 
below (0.91% for RJ2 and 0.93% for RJ3). Garcia-Amoedo and Almeida-Muradian (2007) 
obtained values regarding ash content similar with our findings within the range 0.93%–
1.17%. RJ has an acidic reaction in solution, the acidity measured in our samples varied 
between 3.11 and 5.29. In the literature, it is stated that the acidity of the same solution of RJ 
(same concentration), was between 3% and 6% (Sabatini et al., 2009). 
Total protein content was reported between 13.71% and 16.49 %. Only one sample 
has the protein content below 14% (RJ2). Two samples presented protein content above 15%. 
Literature studies reveal a total proteins content of 9% and 18% (Sabatini et al., 2009). 
 
Tab. 2 
Sugars content of seven samples of fresh Royal Jelly using HPLC – IR 
 
Samples Fructose (g/100g) 
Glucose 
(g/100g) 
Sucrose 
(g/100g) 
Maltose 
(g/100g) 
Erlose 
(g/100g) 
RJ 1 3.30 6.01 0.92 0.80 0.07 
RJ 2 7.95 9.06 0.46 0.24 0.17 
RJ 3 5.93 8.15 2.06 0.64 0.20 
RJ 4 2.90 4.40 1.25 - 0.21 
RJ 5 4.98 4.34 2.27 - 0.22 
RJ 6 3.49 5.11 1.08 - 0.19 
RJ 7 4.35 3.91 0.96 - 0.24 
Mean  4.7 5.85 1.28 0.24 0.18 
SD (%) 1.77 2.01 0.64 0.28 0.05 
 39 
Three major sugars (fructose, glucose and sucrose) were identified in all analyzed 
samples. Erlose was quantified in all analyzed samples (a mean of 0.18%±0.05). Maltose was 
quantified only in three samples (RJ1–RJ3). These sugars were identified and quantified in 
literature (Sesta, 2006), our data being in the same range of values. Figure 1 presents the 
chromatogram of sample RJ3 regarding the sugar profile.  
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Fig. 1. HPLC-IR chromatogram of Royal Jelly sample RJ3 
 
Sugar spectrum and protein content are the main constituents of RJ. They could be 
used as authenticity indicators; higher sucrose content could indicate a possible falsification 
with sugar syrup and lower protein content could indicate also some adulteration practice 
(starch, flour, milk), These indicators need to be further correlated with other physical-
chemical characteristics, such as 10-hydroxydecenoic acid or furosine, in order to establish a 
list of authenticity markers.  
 
CONCLUSION 
 
The described methods are suitable and adequate for a routine quality control of 
royal jelly, and represent a valid alternative to other more complex methods. 
Sugars’ profile determination, instead of global sugar analysis, is an important tool 
for bee practice and authenticity determination, giving the whole spectrum of sugars in correct 
proportions. Before going into more detailed parameters, all these analysis must be done for 
every sample of royal jelly as a part of authenticity testing. 
Transylvanian samples of fresh royal jelly proved authentic and posses a high 
standard of quality. The most important statement in collecting and commercialization of 
royal jelly is hygiene, storage and marketing conditions.  
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